INTRODUCTION
Recently, fibrous polymeric filter materials have been widely used for the purification of liquid and gaseous media. Theoretical and experimental investigations of the service properties of such materials have been carried out [1] [2] [3] [4] [5] [6] [7] [8] . The dependences of the filter characteristics on the main structural parameters and also on their physicochemical and electrophysical properties are now known. For example, in refs. [2] [3] [4] and [8] , the dependences of the effectiveness of filtration on the diameter and packing density of fibres and the particle size of the pollutant with a constant filtration rate and a constant viscosity of the filtered medium were calculated theoretically. The calculated parameters vary by a logarithmic law and flatten out at constant values, reaching 100% effectiveness of filtration under certain conditions. However, in these studies, all of the main calculations and conclusions were made with no allowance for the most important random factor for the materials investigated, i.e. the volume distribution of fibres in the material, or it is nominally assumed that this distribution is uniform. The nature of action of this factor, it seems, can be determined only experimentally with a large number of measurements.
Real polymer fibre plastics are generally anisotropic in their structure. For example, fine-fibre polymeric materials produced by the pneumatic extrusion method for protective respirators have pronounced anisotropy in the volume distribution of fibres. In general form, the established main theoretical relationships characterising the influence of structural parameters of fibrous materials on their filtering capacity are fulfilled for such fine-fibre polymeric materials. Nonetheless, the appearance of certain new properties, governed by process factors [9] , requires a deeper study of the nature of this influence.
The objectives of the present work were as follows:
• an experimental assessment of the filtering properties of fibrous polymeric materials produced by the pneumatic extrusion method (melt blowing technology);
• an analysis and graphical presentation of the influence of anisotropy of structure of fibre plastics on their filtering characteristics using computer processing of the results.
EXPERIMENT
In the experiments, use was made of fibrous polymeric materials of grade NN 420 J "Borealis" polypropylene and grade 15803-020 low-density polyethylene (LDPE). The technology for producing specimens was as follows:
• granulate was processed in an extruder at temperatures of 250-400˚C;
• at exit from the die, the polymer melt was drawn out into fibres by a flow of compressed gas and directed to a shaping mandrel;
• the obtained fibrous mass was cut into circles of 200 mm diameter (the thickness of all of the specimens T/69
amounted to 2 ± 0.5 mm); for a comparative analysis of materials, in a number of cases the fibres were subjected to forced charging during their formation in a negative corona discharge field (field strength E = 10 kV/cm).
The average diameter of the fibres was determined visually using an optical microscope ensuring a x500 magnification, and also using a Nanolab-7 electron microscope. The packing density was calculated by means of the formula
where ρ is the density of the fibrous material, and ρ p is the density of the polymer from which the specimen was manufactured.
There is now a whole series of methods for estimating the pore size D and the pore size distribution. In our view, the most convenient method for pores of irregular geometry is an indirect method of assessment from the results of pressing gas through a wetted specimen [10] [11] [12] . This method is based on the known functional relationship between the capillary radius r c and the gas pressure P necessary for overcoming the forces of surface tension:
where σ 0 is the coefficient of surface tension of the liquid, and θ is the wetting angle. Complete wetting of fibres (cos θ = 1) was assumed for the fibrous materials.
The filtration characteristics (the penetration coefficient of oil aerosol K (%) and the aerodynamic resistance R (Pa)) were determined according to GOST 12.4.041-89. Grade T-30 turbine oil to GOST 12.4.028-76 was used as the aerosol substance. The average diameter of aerosol particles amounted to 0.17-0.30 µm, the mass concentration of oil mist in the air blown through the tested material amounted to 250 ± 50 mg/m 3 , and the blowing rate was 1 ± 0.5 cm/s.
The effective surface charge density was calculated according to GOST 25209-82 from the results of measurements carried out using a vibrating electrode. Experiments were carried out at a temperature of 20 ± 5˚C and an atmospheric pressure of 750 ± 30 mmHg.
All of the experimental results of the present work were processed by methods of mathematical statistics and presented graphically using computer processing (desktop packages, Mathcad, Surface Mapping System).
RESULTS AND THEIR DISCUSSION
Melt blowing technology makes it possible to form fibres of different thickness and packing density. This is easily achieved by changing the parameters of the production process [13] and is very convenient in the manufacture of filter materials of different designation.
On the basis of LDPE with a melt flow index of 20 g/ 10 min, in the production process used by the present authors it proved possible to produce fibres with a minimum diameter of ~10 µm. The fibrous polymeric material was then comminuted into finely dispersed powder and subjected again to pneumatic extrusion without any change in the production schedules. As a result, "secondary" materials with finer fibres and a looser and more ordered fibrous structure were produced. This fact was established by electron microscopy. In our view, such changes in fibrous structure are due to reduction in the molecular weight and accordingly to reduction in the viscosity (increase in the As a result of rearrangement of the structure, the filtration characteristics of "secondary" materials also change. In Fig. 2 , from the nature of the dependences K(d av , ρ) and R(d av , ρ) it can be seen that the penetration coefficient amounted to no more than 10%, and the aerodynamic resistance to more than 45 Pa. The best characteristics (K = 1-2%, R = 45 Pa) are possessed by "secondary" materials with d av of ~3-4 µm and a packing density of the fibres of ~0.33-0.34.
It must be pointed out that the dependences obtained by us in general form correspond to the relationships established by other authors [1- 4 and 7] as governing the influence of the structure of fibrous materials on their filtering properties. However, on the graphs there are extrema, the presence and nature of which are not incorporated in the existing theories. In our opinion, such a nature of the established dependences can be attributed only to the volume anisotropy of fibrous materials produced by aerodynamic atomisation of polymer melts. The pneumatic extrusion technology for the formation of unwoven materials results in the arrangement of layers of fibres parallel to the surface of the shaping mandrel. Over the depth of the specimen there is also intertwining. In our view, such a structure on the whole must be considered to be unoriented. Furthermore, any elementary fibres are characterised by tortuosity and a thickness gradient. In the material there are cavities (pores) of complex geometry, and here the pore size depends on a great number of process, physicochemical, and electrophysical factors. Figure 3 presents the dependences of the average pore size in fibrous material of LDPE on d av and η. It was noted that the general law consists in an increase in pore size with increase in d av . However, minima again appear, which can be attributed only to anisotropy of the internal structure of the materials produced.
Thus, it can be asserted that anisotropy is the cause of a certain unpredictability of the influence of d av , η, and D on the service characteristics of LDPE filters.
In the experiment, using the same technology, fibrous specimens of PP with a fibre diameter of 0.2-4 µm were then produced. characterising deviations from the given trend, are also observed). For fibres measuring 0.5 µm, minimum aerosol penetration is achieved, corresponding to K = 0.1%, and here an increase in the packing density of the fibres hardly affects K. The value of R increases and reaches a maximum value at η = 0.23. Figure 5 presents the same dependences for fibrous materials subjected to forced charging. It is significant that the value of parameter K for such materials is 5-10 times lower than for uncharged materials. The value of R is also lower. On the graphs there are extrema that we again attribute to anisotropy of the fibrous structure. It was established that the best values of K and R, from the viewpoint of use as filter elements in respirators, are possessed by fibrous specimens with d av = 0.5-1.5 µm and η = 0.20-0.23 (R up to 40 Pa and K up to 0.01%), charged in a corona discharge field.
CONCLUSIONS
The conducted experimental investigations of the interrelation of the filtration characteristics of polymeric fibrous materials as a function of their structural parameters made it possible to formulate a number of conclusions and put forward certain practical recommendations.
Materials based on LDPE with thick fibres are characterised by fairly high penetration of oil aerosol (10-55%), and therefore they are unsuitable for submicrometre cleaning of air. However, owing to their low aerodynamic resistance and sufficient shape stability, such materials can be successfully used for preliminary cleaning, for example, as prefilters in "Lepestok"-type respirators. Such a prefilter, as established by special investigations, is easily fastened to a respirator by point welding of polymers and protects the main filter layer against large pollutant particles.
The filtration characteristics of "secondary" filter materials of LDPE are markedly higher than those of "primary" filter materials. This is due to structural changes on the molecular level, which are marked during secondary pneumatic extrusion processing. In their properties, such materials are suitable for use in systems of submicrometre air cleaning.
The main laws governing the relationship of structural parameters and filtration characteristics have been confirmed. However, a certain unpredictability of the filtration characteristics of unwoven fibre plastics has been revealed, which in our view is due to anisotropy of structure, which is connected with features of the technology used to form the fibre plastics. With the correct choice of materials and optimisation of the parameters of the production process, a number of advantages of such filter materials become evident by comparison with traditional materials. Thus, materials based on PP that are subjected to additional charging during formation possess a finefibre structure with a developed system of pores and high filtration characteristics. Such properties enable them to be used successfully as the basis of the filtering layer in respirators of the "Lepestok" type, replacing Petryanov's traditional filter materials.
